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METHOD 306 - DETERMINATION OF CHROMIUM EMISSIONS
FROM DECORATIVE AND HARD CHROMIUM
ELECTROPLATING AND CHROMIUM ANODIZING OPERATIONS
- ISOKINETIC METHOD
Note: This method does not include all of the

specifications (e.g., equi pnment and supplies) and procedures
(e.g-., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in 40 CFR Part 60, Appendi x A
Therefore, to obtain reliable results, persons using this
met hod shoul d have a thorough know edge of at |east Method
5.
1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity

Chrom um 7440-47-3 See Sec. 13.2

1.2 Applicability. This nethod applies to the
determ nation of chromum (Cr) in em ssions from decorative
and hard chronme electroplating facilities, chrom um
anodi zi ng operations, and continuous chrom um pl ati ng
operations at iron and steel facilities.

1.3 Data Quality Objectives. [Reserved]

2.0 Summary of Method.
2.1 Sampling. An em ssion sanple is extracted

i sokinetically fromthe source using an unheated Method 5
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sanpling train (40 CFR Part 60, Appendix A), wth a glass
nozzl e and probe liner, but with the filter omtted. The
sanple tinme shall be at |l east two hours. The Cr em ssions
are collected in an al kaline solution containing 0.1
N sodi um hydroxi de (NaOH) or 0.1 N sodi um bi carbonate
(NaHCGO;,). The col |l ected sanples are recovered using an
al kaline solution and are then transported to the | aboratory
for anal ysis.

2.2 Analysis.

2.2.1 Total chrom um sanples with high chrom um
concentrations (>35 wg/L) may be anal yzed using inductively
coupl ed plasma em ssion spectronetry (1CP) at 267.72 nm

NOTE: The ICP analysis is applicable for this nethod
only when the solution analyzed has a Cr concentration
greater than or equal to 35 wug/L or five tines the nethod
detection limt as determ ned according to Appendix B in 40
CFR Part 136.

2.2.2 Aternatively, when |ower total chrom um
concentrations (<35 wg/L) are encountered, a portion of the
al kal i ne sanple solution nmay be digested with nitric acid
and anal yzed by graphite furnace atom c absorption
spectroscopy (GFAAS) at 357.9 nm

2.2.3 If it is desirable to determ ne hexaval ent

chrom um (Cr*®) em ssions, the sanples may be anal yzed using
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an i on chromat ograph equi pped with a post-col um reactor
(G PCR) and a visible wavel ength detector. To increase
sensitivity for trace levels of Cr*®, a preconcentration
system may be used in conjunction with the | PCR
3.0 Definitions.

3.1 Total Chromum - neasured chrom um content that
i ncl udes both maj or chrom um oxi dation states (Cr+3, Cr+6).

3.2 May - Inplies an optional operation.

3.3 Digestion - The anal ytical operation involving the
conplete (or nearly conplete) dissolution of the sanple in
order to ensure the conplete solubilization of the el enent
(anal yte) to be neasured.

3.4 Interferences - Physical, chem cal, or spectral
phenonmena that may produce a high or low bias in the
anal ytical result.

3.5 Analytical System- Al conponents of the
anal yti cal process including the sanple digestion and
nmeasur ement appar at us.

3.6 Sanple Recovery - The quantitative transfer of
sanple fromthe collection apparatus to the sanple
preparation (digestion, etc.) apparatus. This term should
not be confused with anal ytical recovery.

3.7 Matrix Mddifier - A chemcal nodification to the

sanpl e during GFAAS determ nations to ensure that the
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analyte is not |ost during the measurenent process (prior to
the atom zation stage)

3.8 Calibration Reference Standards - Quality control
standards used to check the accuracy of the instrunent
calibration curve prior to sanple analysis.

3.9 Continuing Check Standard - Quality contro
standards used to verify that unacceptable drift in the
measur enent system has not occurred.

3.10 Calibration Blank - A blank used to verify that
t here has been no unacceptable shift in the baseline either
i mredi ately follow ng calibration or during the course of
t he anal yti cal neasurenent.

3.11 Interference Check - An anal ytical / measurenent
operation that ascertains whether a neasurable interference
in the sanpl e exists.

3.12 Interelenent Correction Factors - Factors used to
correct for interfering elenents that produce a fal se signa
(hi gh bias).

3.13 Duplicate Sanple Analysis - Either the repeat
measurenent of a single solution or the neasurenent of
duplicate preparations of the sane sanple. It is inportant
to be aware of which approach is required for a particular
type of neasurenent. For exanple, no digestion is required

for the ICP determ nation and the duplicate instrunent
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measurenent is therefore adequate whereas duplicate
di gestion/instrunent neasurenents are required for GFAAS.

3.14 WMatrix Spiking - Analytical spikes that have been
added to the actual sanple matrix either before (Section
9.2.5.2) or after (Section 9.1.6). Spikes added to the
sanple prior to a preparation technique (e.g., digestion)
allow for the assessnent of an overall nethod accuracy while

t hose added after only provide for the neasurenent accuracy

determ nation
4.0 Interferences.

4.1 1CP Interferences.

4.1.1 |1CP Spectral Interferences. Spectral
interferences are caused by: overlap of a spectral |ine
from anot her el enent; unresolved overlap of nol ecul ar band
spectra; background contribution from conti nuous or
reconbi nati on phenonena; and, stray light fromthe |ine
em ssion of high-concentrated el enents. Spectral overlap
may be conpensated for by correcting the raw data with a
conputer and neasuring the interfering elenent. At the
267.72 nm Cr anal ytical wavel ength, iron, manganese, and
uranium are potential interfering elenments. Background and
stray light interferences can usually be conpensated for by
a background correction adjacent to the analytical |ine.

Unresol ved overlap requires the selection of an alternative
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chrom um wavel ength. Consult the instrument manufacturer's
operation manual for interference correction procedures.

4.1.2 1CP Physical Interferences. Hi gh |evels of
di ssol ved solids in the sanples may cause significant
i naccuracies due to salt buildup at the nebulizer and torch
tips. This problemcan be controlled by diluting the sanple
or by extending the rinse tinmes between sanpl e anal yses.
St andards shall be prepared in the sane solution nmatrix as
the sanples (1.e., 0.1 N NaOH or 0.1 N NaHCQO,).

4.1.3 |1CP Chemcal Interferences. These include
nmol ecul ar conmpound formation, ionization effects and sol ute
vapori zation effects, and are usually not significant in the
| CP procedure, especially if the standards and sanples are
mat ri x mat ched.

4.2 GFAAS Interferences.

4.2.1 GFAAS Chem cal Interferences. Low
concentrations of cal cium and/ or phosphate nay cause
i nterferences; at concentrations above 200 pg/L, calciuns
effect is constant and elimnates the effect of phosphate.
Calciumnitrate is therefore added to the concentrated
anal yte to ensure a known constant effect. Oher matrix
nodi fiers recomrended by the instrunment manufacturer may
al so be consi dered.

4.2.2 GFAAS Cyanide Band Interferences. N trogen
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shoul d not be used as the purge gas due to cyani de band
i nterference.

4.2.3 GFAAS Spectral Interferences. Background
correction may be required because of possible significant
| evel s of nonspecific absorption and scattering at the 357.9
nm anal yti cal wavel engt h.

4.2.4 GFAAS Background Interferences. Zeeman or
Smth-H eftje background correction is recomended for
interferences resulting fromhigh |evels of dissolved solids
in the al kaline inpinger solutions.

4.3 1C PCR Interferences.

4.3.1 1CPCR Chem cal Interferences. Conponents in
the sanple matrix may cause Cr*® to convert to trivalent
chromum (Cr*®) or cause C* to convert to C*. The
chronat ogr aphi ¢ separation of Cr*® using ion chromatography
reduces the potential for other netals to interfere with the
post columm reaction. For the IC/PCR analysis, only
conpounds that coelute with Cr*® and affect the
di phenyl carbazi de reaction will cause interference.

4.3.2 1C PCR Background Interferences. Periodic
anal yses of reagent water blanks are used to denonstrate
that the analytical systemis essentially free of
contam nation. Sanple cross-contam nation can occur when

hi gh-1evel and | ow1|evel sanples or standards are anal yzed
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alternately and can be elimnated by thorough purging of the
sanple | oop. Purging of the sanple can easily be achieved
by increasing the injection volune to ten tinmes the size of
t he sanpl e | oop.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices and to determ ne the
applicability of regulatory limtations prior to performng
this test nethod.

5.2 Hexaval ent chrom um conpounds have been |listed as
carci nogens al though chromum (111) conpounds show little or
no toxicity. Chromumcan be a skin and respiratory
irritant.

6.0 Equipment and Supplies.

6.1 Sanpling Train.

6.1.1 A schematic of the sanpling train used in this
method is shown in Figure 306-1. The train is the sanme as
shown in Method 5, Section 6.0 (40 CFR Part 60, Appendi x A)
except that the probe liner is unheated, the particul ate
filter is omtted, and quartz or borosilicate glass nust be

used for the probe nozzle and liner in place of stainless
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steel .

6.1.2 Probe fittings of plastic such as Tefl on,
pol ypropyl ene, etc. are recommended over netal fittings to
prevent contam nation. |If desired, a single conbined probe
nozzl e and liner may be used, but such a single glass
assenbly is not a requirenent of this nethodol ogy.

6.1.3 Use 0.1 N NaCH or 0.1 N NaHCO;, in the inpingers
in place of water.

6.1.4 Operating and nmai nt enance procedures for the
sanpling train are described in APTD 0576 of Method 5.
Users should read the APTD-0576 docunent and adopt the
outlined procedures.

6.1.5 Simlar collection systens which have been
approved by the Adm nistrator may be used.

6.2 Sanple Recovery. Sane as Method 5, [40 CFR Part
60, Appendix A, with the foll ow ng exceptions:

6.2.1 Probe-Liner and Probe-Nozzle Brushes. Brushes
are not necessary for sanple recovery. |If a probe brush is
used, it nust be non-netallic.

6.2.2 Sanple Recovery Solution. Use 0.1 N NaOH or 0.1
N NaHCO,;, whi chever is used as the inpinger absorbing
solution, in place of acetone to recover the sanple.

6.2.3 Sanple Storage Containers. Polyethylene, wth

| eak-free screw cap, 250 ni, 500 nL or 1,000 ni.
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6.3 Anal ysis.

6.3.1 GCeneral. For analysis, the foll ow ng equi pnent
I S needed.

6.3.1.1 Phillips Beakers. (Phillips beakers are
preferred, but regular beakers nay al so be used.)

6.3.1.2 Hot Plate.

6.3.1.3 Volunetric Flasks. Cass A, various sizes as
appropri ate.

6.3.1.4 Assorted Pipettes.

6.3.2 Analysis by ICP

6.3.2.1 |1CP Spectroneter. Conputer-controlled
em ssion spectroneter with background correction and radio
frequency generator.

6.3.2.2 Argon Gas Supply. Welding grade or better.

6.3.3 Analysis by GFAAS.

6.3.3.1 Chrom um Hol | ow Cat hode Lanp or El ectrodel ess
Di scharge Lanp.

6.3.3.2 Gaphite Furnace Atom c Absorption
Spect rophot onet er.

6.3.3.3 Fur nace Aut osanpl er

6.3.4 Analysis by | PCR

6.3.4.1 I1CPCR System High performance liquid
chromat ograph punp, sanple injection valve, post-colum

reagent delivery and m xing system and a visible detector,
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capabl e of operating at 520 nm 540 nm all with a non-
metallic (or inert) flow path. An electronic peak area node
i s recommended, but other recording devices and integration
techni ques are acceptable provided the repeatability
criteria and the linearity criteria for the calibration
curve described in Section 10.4 can be satisfied. A sanple
| oadi ng systemis required if preconcentration is enpl oyed.

6.3.4.2 Analytical Colum. A high performance ion
chromat ograph (HPIC) non-netallic colum wth anion
separation characteristics and a high | oadi ng capacity
designed for separation of netal chelating conpounds to
prevent netal interference. Resolution described in Section
11.6 nust be obtained. A non-netallic guard colum with the
sane ion-exchange material is recommended.

6.3.4.3 Preconcentration Colum (for ol der
instrunments). An HPIC non-netallic colum with acceptable
anion retention characteristics and sanple | oading rates
nmust be used as described in Section 11.6.

6.3.4.4 Filtration Apparatus for |C PCR

6.3.4.4.1 Teflon, or equivalent, filter holder to
accommodat e 0. 45-um acetate, or equivalent, filter, if
needed to renove insoluble particulate matter

6.3.4.4.2 0.45-uym Filter Cartridge. For the renova

of insoluble material. To be used just prior to sanple
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i njection/anal ysis.
7.0 Reagents and Standards.

NOTE: Unless otherwi se indicated, all reagents shoul d
conformto the specifications established by the Commttee
on Anal ytical Reagents of the Anmerican Chem cal Society (ACS
reagent grade). \Where such specifications are not
avai | abl e, use the best avail able grade. Reagents should be
checked by the appropriate analysis prior to field use to
assure that contam nation is below the anal ytical detection
limt for the ICP or GFAAS total chrom um anal ysis; and that
contam nation is below the anal ytical detection limt for
Cr*®using |G PCRfor direct injection or, if selected
preconcentrati on.

7.1 Sanpling.

7.1.1 Water. Reagent water that conforns to
ASTM Speci fication D1193-77 or 91 Type Il (incorporated by
reference see 863.14). All references to water in the
met hod refer to reagent water unless otherw se specifi ed.

It is recoomended that water blanks be checked prior to
preparing the sanpling reagents to ensure that the Cr
content is less than three (3) times the anticipated
detection limt of the analytical nethod.

7.1.2 Sodi um Hydroxi de (NaOH) Absorbing Sol ution,

0.1 N Dissolve 4.0 g of sodium hydroxide in 1 liter of
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water to obtain a pH of approximtely 8.5.

7.1.3 Sodi um Bi carbonate (NaHCO;) Absorbi ng Sol uti on,
0.1 N. Dissolve approximately 8.5 g of sodi um bi carbonate
in 1l liter of water to obtain a pH of approxinmately 8. 3.

7.1.4 Chrom um Cont am nati on.

7.1.4.1 The absorbing solution shall not exceed the QC
criteria noted in Section 7.1.1 (< 3 tinmes the instrunment
detection limt).

7.1.4.2 \Wen the O™ content in the field sanples
exceeds the blank concentration by at |east a factor of ten
(10), Cr*® blank concentrations < 10 tinmes the detection
[imt will be allowed.

NOTE: At sources with high concentrations of acids
and/ or SO,, the concentration of NaOH or NaHCO, shoul d be >
0.5 Nto insure that the pH of the solution remains at or
above 8.5 for NaOH and 8.0 for NaHCO, during and after
sanpl i ng.

7.1.5 Silica Gl. Sanme as in Method 5.

7.2 Sanple Recovery.

7.2.1 0.1 N NaOH or 0.1 N NaHCO,. Use the sane
solution for the sanple recovery that is used for the
i npi nger absorbi ng sol ution.

7.2.2 pHIndicator Strip, for ICPCR pH indicator

capabl e of determning the pH of solutions between the pH
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range of 7 and 12, at 0.5 pH increnents.

7.3 Sanple Preparation and Anal ysis.

7.3.1 Nitric Acid (HNO;), Concentrated, for GFAAS.
Trace netals grade or better HNO, nust be used for reagent
preparation. The ACS reagent grade HNO, i s acceptable for
cl eani ng gl asswar e.

7.3.2 HNO;,, 1.0% (v/v), for GFAAS. Prepare, by slowy
stirring, 10 nL of concentrated HNO, i nto 800 nL of reagent
water. Dilute to 1,000 nL with reagent water. The sol ution
shall contain |less than 0.001 ng Cr/L.

7.3.3 CalciumNtrate Ca(NG), Solution (10 ug Ca/nl)
for GFAAS analysis. Prepare the solution by weighing 40.9
mg of Ca(NQy)), into a 1 liter volunetric flask. Dilute with
reagent water to 1 liter

7.3.4 WMatrix Mdifier, for GFAAS. See instrunent
manuf acturer's manual for suggested matrix nodifier.

7.3.5 Chromat ographic Eluent, for I1C PCR The el uent
used in the analytical systemis amoni um sul fate based.

7.3.5.1 Prepare by adding 6.5 nL of 29 percent
anmoni um hydr oxi de (NH,OH) and 33 g of ammoni um sul fate
((NH,) ,SO,) to 500 nL of reagent water. Dilute to 1 liter
wi th reagent water and mx well.

7.3.5.2 Oher conbinations of eluents and/or colums

may be enpl oyed provi ded peak resolution, repeatability,
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linearity, and analytical sensitivity as described in
Sections 9.3 and 11.6 are acceptabl e.

7.3.6 Post-Colum Reagent, for ICPCR An effective
post-col umm reagent for use with the chromat ographi c el uent
described in Section 7.3.5 is a diphenyl carbazi de (DPC) -
based system Dissolve 0.5 g of 1,5-diphenyl carbazide in
100 nmL of ACS grade nethanol. Add 500 nL of reagent water
containing 50 nL of 96 percent spectrophotonetric grade
sulfuric acid. Dlute to 1 liter with reagent water.

7.3.7 Chromum Standard Stock Solution (1000 ng/L).
Procure a certified agqueous standard or dissolve 2.829 g of
pot assi um di chromate (K,Cr,0), in reagent water and dilute
to 1 liter.

7.3.8 Calibration Standards for ICP or |1 C PCR
Prepare calibration standards for I1CP or 1C/PCR by diluting
the Cr standard stock solution (Section 7.3.7) with 0.1 N
NaOH or 0.1 N NaHCO,, whi chever is used as the inpinger
absorbing solution, to achieve a matrix simlar to the
actual field sanples. Suggested levels are 0, 50, 100, and
200 pg Cr/L for ICP, and 0, 1, 5, and 10 pg Cr*/L for
| C/ PCR.

7.3.9 Calibration Standards for GFAAS. Chrom um
solutions for GFAAS calibration shall contain 1.0

percent (v/v) HNO,. The zero standard shall be 1.0 percent
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(v/v) HNO,. Calibration standards should be prepared daily
by diluting the Cr standard stock solution (Section 7.3.7)
with 1.0 percent HNO,, Use at |east four standards to nake
the calibration curve. Suggested levels are 0, 10, 50, and
100 pg Cr/L.

7.4 dassware Cl eani ng Reagents.

7.4.1 HNGO,, Concentrated. ACS reagent grade or
equi val ent .

7.4.2 Water. Reagent water that conforns to ASTM
Specification D1193-77 or 91 Type I

7.4.3 HNO,, 10 percent (v/v). Add by stirring 500 nL
of concentrated HNO, into a flask containing approxi mately
4,000 nL of reagent water. Dilute to 5,000 nL with reagent
water. Mx well. The reagent shall contain |less than 2 ug
Cr/L.

7.5 Quality Assurance Audit Sanples.

7.5.1 Wen nmaking conpliance determ nations, and upon
availability, audit sanples shall be obtained fromthe
appropriate EPA regional Ofice or fromthe responsible
enforcenment authority and analyzed in conjunction with the
field sanples.

7.5.2 1f EPA or National Institute of Standards and
Technol ogy (NI ST) reference audit sanple are not avail abl e,

a md-range standard, prepared from an i ndependent
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commerci al source, nay be used.

NOTE: To order audit sanples, contact the responsible
enforcenment authority at |east 30 days prior to the test
date to allow sufficient tinme for the audit sanple to be
del i vered.

8.0 Sample Collection, Preservation, Holding Times,
Storage, and Transport.

NOTE: Prior to sanple collection, consideration should
be given to the type of analysis (Cr* or total Cr) that
wll be performed. Which analysis option(s) will be
performed will determ ne which sanple recovery and storage
procedures will be required to process the sanple (See
Fi gures 306-3 and 306-4).

8.1 Sample Collection. Sanme as Method 5 (40 CFR Part
60, Appendix A), with the foll ow ng exceptions.

8.1.1 Omt the particulate filter and filter hol der
fromthe sanpling train. Use a glass nozzle and probe liner
instead of stainless steel. Do not heat the probe. Place
100 mL of 0.1 N NaOH or 0.1 N NaHCO, in each of the first
two inpingers, and record the data for each run on a data
sheet such as shown in Figure 306-2.

8.1.2 Cean all glassware prior to sanpling in hot
soapy water designed for |aboratory cleaning of glassware.

Next, rinse the glassware three tinmes with tap water,
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foll owed by three additional rinses with reagent water.
Then soak the glassware in 10% (v/v) HNO, solution for a
m ni mum of 4 hours, rinse three tines with reagent water,
and allow to air dry. Cover all glassware openings where
contam nation can occur wth Parafilm or equivalent, until
the sanpling train is assenbled for sanpling.

8.1.3 Train Operation. Follow the basic procedures
outlined in Method 5 in conjunction with the foll ow ng
instructions. Train sanpling rate shall not exceed 0.030
nt/mn (1.0 cfn) during a run

8.2 Sanple Recovery. Follow the basic procedures of
Met hod 5, wth the exceptions noted.

8.2.1 A particulate filter is not recovered fromthis
train.

8.2.2 Tester shall select either the total Cr or Cr*S
sanpl e recovery option.

8.2.3 Sanples to be analyzed for both total C and
Cr*%, shall be recovered using the Cr* sanple option
(Section 8.2.6).

8.2.4 A field reagent blank shall be collected for
either of the Cr or the " analysis. |f both analyses (Cr
and Cr*®) are to be conducted on the sanples, collect
separate reagent bl anks for each anal ysis.

NOTE: Since particulate matter is not usually present
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at chrom um el ectropl ati ng and/ or chrom um anodi zi ng
operations, it is not necessary to filter the Cr*® sanpl es
unl ess there is observed sedinent in the collected
solutions. If it is necessary to filter the Cr*® solutions,
pl ease refer to Method 0061, Determ nation of Hexaval ent
Chrom um Em ssions From Stationary Sources, Section 7.4,
Sanpl e Preparation in SW846 (see Reference 1).

8.2.5 Total Cr Sample Option.

8.2.5.1 Container No. 1. Measure the volunme of the
liquid in the first, second, and third inpingers and
quantitatively transfer into a | abel ed sanpl e contai ner.

8.2.5.2 Use approximately 200 to 300 nL of the 0.1 N
NaOH or 0.1 N NaHCO, absorbing solution to rinse the probe
nozzl e, probe liner, three inpingers, and connecting
gl assware; add this rinse to Container No. 1.

8.2.6 Cr* Sample Option.

8.2.6.1 Container No. 1. Measure and record the pH of
t he absorbing solution contained in the first inpinger at
the end of the sanpling run using a pH indicator strip. The
pH of the solution nust be >8.5 for NaOH and >8.0 for
NaHCO,. If it is not, discard the collected sanple,
increase the normality of the NaOH or NaHCO, i npi nger
absorbing solution to 0.5 Nor to a solution normality

approved by the Adm nistrator and collect another air
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em ssion sanpl e.

8.2.6.2 After determning the pH of the first inpinger
sol ution, conbine and neasure the volunme of the liquid in
the first, second, and third inpingers and quantitatively
transfer into the | abel ed sanple container. Use
approximately 200 to 300 nL of the 0.1 N NaOH or 0.1 N
NaHCO, absorbing solution to rinse the probe nozzle, probe
liner, three inpingers, and connecting glassware; add this
rinse to Container No. 1.

8.2.7 Field Reagent Bl ank.

8.2.7.1 Container No. 2.

8.2.7.2 Place approximately 500 nL of the 0.1 N NaOH
or 0.1 N NaHCO, absorbing solution into a | abel ed sanpl e
cont ai ner .

8.3 Sanple Preservation, Storage, and Transport.

8.3.1 Total Cr Sample Option. Sanples to be analyzed
for total C need not be refrigerated.

8.3.2 Cr* Sample Option. Sanples to be analyzed for
Cr*® nust be shipped and stored at 4NC. Allow Cr*® sanpl es
to return to anbient tenperature prior to anal ysis.

8.4 Sanpl e Hol ding Tines.

8.4.1 Total Cr Sample Option. Sanples to be analyzed
for total Cr shall be analyzed wthin 60 days of collection.

8.4.2 Cr* Sample Option. Sanples to be analyzed for
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Cr*® shall be analyzed within 14 days of collection.
9.0 Quality Control.

9.1 ICP Qality Control

9.1.1 ICP Calibration Reference Standards. Prepare a
calibration reference standard using the sane al kal i ne
matri x as the calibration standards; it should be at | east
10 tinmes the instrunental detection limt.

9.1.1.1 This reference standard nust be prepared from
a different Cr stock solution source than that used for
preparation of the calibration curve standards.

9.1.1.2 Prior to sanple analysis, analyze at |east one
reference standard.

9.1.1.3 The calibration reference standard nust be
measured within 10 percent of it's true value for the curve
to be considered valid.

9.1.1.4 The curve nust be validated before sanple
anal yses are perforned.

9.1.2 1CP Continuing Check Standard.

9.1.2.1 Performanalysis of the check standard with
the field sanples as described in Section 11.2 (at |east
after every 10 sanples, and at the end of the anal yti cal
run).

9.1.2.2 The check standard can either be the m d-range

calibration standard or the reference standard. The results



2098
of the check standard shall agree within 10 percent of the
expected value; if not, termnate the anal yses, correct the
problem recalibrate the instrunment, and rerun all sanples
anal yzed subsequent to the |ast acceptable check standard
anal ysi s.

9.1.3 ICP Calibration Bl ank.

9.1.3.1 Performanalysis of the calibration blank with
the field sanples as described in Section 11.2 (at |east
after every 10 sanples, and at the end of the anal yti cal
run).

9.1.3.2 The results of the calibration blank shal
agree within three standard devi ati ons of the nmean bl ank
value. If not, analyze the calibration blank two nore tines
and average the results. |If the average is not wthin three
standard devi ati ons of the background nmean, term nate the
anal yses, correct the problem recalibrate, and reanal yze
all sanpl es anal yzed subsequent to the | ast acceptable
calibration blank anal ysis.

9.1.4 ICP Interference Check. Prepare an interference
check solution that contains known concentrations of
interfering elenents that will provide an adequate test of
the correction factors in the event of potential spectral
i nterferences.

9.1.4.1 Two potential interferences, iron and
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manganese, may be prepared as 1000 pg/ m. and 200 pg/ niL
sol utions, respectively. The solutions should be prepared
in dilute HNO, (1-5 percent). Particular care nust be used
to ensure that the solutions and/or salts used to prepare
the solutions are of ICP grade purity (i.e., that no
measurable Cr contam nation exists in the salts/solutions).
Commercially prepared interfering el ement check standards
are avail abl e.

9.1.4.2 Verify the interelenent correction factors
every three nonths by analyzing the interference check
solution. The correction factors are cal cul ated accordi ng
to the instrunment manufacturer's directions. |If the
interelement correction factors are used properly, no false
Cr shoul d be detected.

9.1.4.3 Negative results with an absol ute val ue
greater than three (3) tines the detection limt are usually
the results of the background correction position being set
incorrectly. Scan the spectral region to ensure that the
correction position has not been placed on an interfering
peak.

9.1.5 |ICP Duplicate Sanple Analysis. Performone
duplicate sanple analysis for each conpliance sanple batch
(3 runs).

9.1.5.1 As there is no sanple preparation required for
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the I1CP analysis, a duplicate analysis is defined as a
repeat analysis of one of the field sanples. The selected
sanpl e shall be anal yzed using the sane procedures that were
used to anal yze the original sanple.

9.1.5.2 Duplicate sanple anal yses shall agree within
10 percent of the original neasurenent val ue.

9.1.5.3 Report the original analysis value for the
sanpl e and report the duplicate analysis value as the QC
check value. |If agreenent is not achieved, performthe
duplicate analysis again. |If agreenent is not achieved the
second time, performcorrective action to identify and
correct the problem before analyzing the sanple for a third
time.

9.1.6 ICP Matrix Spiking. Spiked sanples shall be
prepared and anal yzed daily to ensure that there are no
matri x effects, that sanples and standards have been matri x-
mat ched, and that the | aboratory equi pnent is operating
properly.

9.1.6.1 Spiked sanple recovery anal yses should
indicate a recovery for the O spike of between 75 and 125
per cent.

9.1.6.2 C levels in the spiked sanple should provide
final solution concentrations that are within the |inear

portion of the calibration curve, as well as, at a
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concentration |evel at least: equal to that of the original
sanple; and, ten (10) tines the detection limt.

9.1.6.3 If the spiked sanple concentration neets the
stated criteria but exceeds the linear calibration range,
t he spi ked sanple nmust be diluted with the field absorbing
sol uti on.

9.1.6.4 |If the recoveries for the C spiked sanples do
not nmeet the specified criteria, performcorrective action
to identify and correct the problemprior to reanalyzing the
sanpl es.

9.1.7 1CP Field Reagent Bl ank.

9.1.7.1 Analyze a mninumof one matrix-matched field
reagent blank (Section 8.2.4) per sanple batch to determ ne
if contam nation or nenory effects are occurring.

9.1.7.2 If contamnation or nenory effects are
observed, performcorrective action to identify and correct
t he probl em before reanal yzing the sanpl es.

9.1.8 Audit Sanple Anal ysis.

9.1.8.1 Wien the nethod is used to anal yze sanples to
denonstrate conpliance with a source em ssion regul ation, an
audit sanple nust be anal yzed, subject to availability.

9.1.8.2 Concurrently analyze the audit sanple and the
conpliance sanples in the sane nmanner to eval uate the

techni que of the anal yst and the standards preparation.
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9.1.8.3 The sane anal yst, anal ytical reagents, and
anal ytical systemshall be used for the conpliance sanpl es
and the audit sanple. |If this condition is nmet, duplicate
audi ting of subsequent conpliance anal yses for the sane
enforcenment agency within a 30-day period is waived. An
audit sanple set may not be used to validate different sets
of conpliance sanpl es under the jurisdiction of separate
enforcenent agencies, unless prior arrangenents have been
made with both enforcenent agencies.

9.1.9 Audit Sanple Results.

9.1.9.1 Calculate the audit sanple concentrations and
submt results using the instructions provided with the
audi t sanpl es.

9.1.9.2 Report the results of the audit sanples and
t he conpliance determ nation sanples along with their
identification nunbers, and the analyst's nanme to the
responsi bl e enforcenent authority. Include this information
wth reports of any subsequent conpliance anal yses for the
sane enforcenent authority during the 30-day period.

9.1.9.3 The concentrations of the audit sanples
obt ai ned by the anal yst shall agree within the val ues
specified by the conpliance auditor. |If the specified range
is not net, reanalyze the conpliance and audit sanples, and

include initial and reanalysis values in the test report.
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9.1.9.4 Failure to neet the specified range may
require retests unless the audit problens are resol ved.
However, if the audit results do not affect the conpliance
or nonconpliance status of the affected facility, the
Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the
affected facility.

9.2 GFAAS Quality Control.

9.2.1 GFAAS Calibration Reference Standards. The
calibration curve nust be verified by using at |east one
calibration reference standard (made from a reference
mat eri al or other independent standard material) at or near
the md-range of the calibration curve.

9.2.1.1 The calibration curve nust be validated before
sanpl e anal yses are perforned.

9.2.1.2 The calibration reference standard nust be
measured within 10 percent of its true value for the curve
to be considered valid.

9.2.2 GFAAS Continui ng Check Standard.

9.2.2.1 Performanalysis of the check standard with

the field sanples as described in Section 11.4 (at |east
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after every 10 sanples, and at the end of the analyti cal
run).

9.2.2.2 These standards are analyzed, in part, to
monitor the life and performance of the graphite tube. Lack
of reproducibility or a significant change in the signal for
the check standard may indicate that the graphite tube
shoul d be repl aced.

9.2.2.3 The check standard nay be either the m d-range
calibration standard or the reference standard.

9.2.2.4 The results of the check standard shall agree
wi thin 10 percent of the expected val ue.

9.2.2.5 If not, termnate the anal yses, correct the
problem recalibrate the instrunment, and reanal yze al
sanpl es anal yzed subsequent to the | ast acceptabl e check
standard anal ysi s.

9.2.3 GFAAS Calibration Bl ank.

9.2.3.1 Performanalysis of the calibration blank with
the field sanples as described in Section 11.4 (at |east
after every 10 sanples, and at the end of the anal yti cal
run).

9.2.3.2 The calibration blank is analyzed to nonitor
the life and performance of the graphite tube as well as the
exi stence of any nenory effects. Lack of reproducibility or

a significant change in the signal, may indicate that the
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graphite tube shoul d be repl aced.

9.2.3.3 The results of the calibration blank shal
agree within three standard devi ati ons of the nmean bl ank
val ue.

9.2.3.4 If not, analyze the calibration blank two nore
times and average the results. |If the average is not within
three standard devi ations of the background nean, term nate
t he anal yses, correct the problem recalibrate, and
reanal yze all sanpl es anal yzed subsequent to the | ast
acceptabl e calibration blank anal ysi s.

9.2.4 GFAAS Duplicate Sanple Analysis. Perform one
duplicate sanple analysis for each conpliance sanple batch
(3 runs).

9.2.4.1 A digested aliquot of the selected sanple is
processed and anal yzed using the identical procedures that
were used for the whole sanple preparation and anal yti cal
efforts.

9.2.4.2 Duplicate sanple anal yses results
i ncorporating duplicate digestions shall agree within 20
percent for sanple results exceeding ten (10) tinmes the
detection limt.

9.2.4.3 Report the original analysis value for the
sanpl e and report the duplicate analysis value as the QC

check val ue.
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9.2.4.4 |If agreenent is not achieved, performthe
duplicate analysis again. |If agreenent is not achieved the
second time, performcorrective action to identify and
correct the problem before analyzing the sanple for a third
time.

9.2.5 GFAAS Matrix Spi ki ng.

9.2.5.1 Spiked sanples shall be prepared and anal yzed
daily to ensure that (1) correct procedures are being
followed, (2) there are no matrix effects and (3) al
equi pnment is operating properly.

9.2.5.2 O spikes are added prior to any sanple
preparation.

9.2.5.3 C levels in the spiked sanple should provide
final solution concentrations that are within the |inear
portion of the calibration curve, as well as, at a
concentration |evel at |least: equal to that of the original
sanple; and, ten (10) tines the detection limt.

9.2.5.4 Spiked sanple recovery anal yses should
indicate a recovery for the C spike of between 75 and 125
per cent.

9.2.5.5 If the recoveries for the C spiked sanples do
not nmeet the specified criteria, performcorrective action
to identify and correct the problemprior to reanal yzing the

sanpl es.
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9.2.6 GFAAS Method of Standard Additions.

9.2.6.1 Method of Standard Additions. Perform
procedures in Section 5.4 of Method 12 (40 CFR Part 60,
Appendi x A)

9.2.6.2 \Wenever sanple matri x problens are suspected
and standard/sanple matrix matching is not possible or
whenever a new sanple matrix is being anal yzed, perform
referenced procedures to determne if the nethod of standard
additions is necessary.

9.2.7 GFAAS Fi el d Reagent Bl ank.

9.2.7.1 Analyze a mninumof one matrix-matched field
reagent blank (Section 8.2.4) per sanple batch to determ ne
if contam nation or nenory effects are occurring. 9.2.7.2
| f contam nation or nenory effects are observed, perform
corrective action to identify and correct the problem before
reanal yzi ng the sanpl es.

9.2.8 Audit Sanple Anal ysis.

9.2.8.1 Wien the nethod is used to anal yze sanples to
denonstrate conpliance with a source em ssion regul ation, an
audit sanple nust be anal yzed, subject to availability.

9.2.8.2 Concurrently analyze the audit sanple and the
conpliance sanples in the sane nanner to eval uate the
techni que of the anal yst and the standards preparation.

9.2.8.3 The sane anal yst, anal ytical reagents, and
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anal ytical systemshall be used for the conpliance sanpl es
and the audit sanple. |If this condition is nmet, duplicate
audi ting of subsequent conpliance anal yses for the sanme
enforcenment agency within a 30-day period is waived. An
audit sanple set may not be used to validate different sets
of conpliance sanples under the jurisdiction of separate
enforcenent agencies, unless prior arrangenents have been
made wi th both enforcenent agencies.

9.2.9 Audit Sanple Results.

9.2.9.1 Calculate the audit sanple concentrations and
submt results using the instructions provided with the
audi t sanpl es.

9.2.9.2 Report the results of the audit sanples and
t he conpliance determ nation sanples along with their
identification nunbers, and the analyst's nanme to the
responsi bl e enforcenent authority. Include this information
with reports of any subsequent conpliance anal yses for the
sanme enforcenent authority during the 30-day period.

9.2.9.3 The concentrations of the audit sanples
obt ai ned by the anal yst shall agree within the val ues
specified by the conpliance auditor. |If the specified range
is not net, reanalyze the conpliance and audit sanples, and
include initial and reanalysis values in the test report.

9.2.9.4 Failure to neet the specified range may
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require retests unless the audit problens are resolved.
However, if the audit results do not affect the conpliance
or nonconpliance status of the affected facility, the
Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the
affected facility.

9.3 ICPCR Quality Control.

9.3.1 ICPCR Calibration Reference Standards.

9.3.1.1 Prepare a calibration reference standard at a
concentration that is at or near the md-point of the
calibration curve using the sane al kaline matrix as the
calibration standards. This reference standard shoul d be
prepared froma different & stock solution than that used
to prepare the calibration curve standards. The reference
standard is used to verify the accuracy of the calibration
curve.

9.3.1.2 The curve nust be validated before sanple
anal yses are perforned. Prior to sanple analysis, analyze
at |l east one reference standard with an expected val ue
within the calibration range.

9.3.1.3 The results of this reference standard
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anal ysis must be within 10 percent of the true value of the
reference standard for the calibration curve to be
consi dered valid.

9.3.2 I1CPCR Continuing Check Standard and Cali bration
Bl ank.

9.3.2.1 Performanalysis of the check standard and the
calibration blank with the field sanples as described in
Section 11.6 (at |least after every 10 sanples, and at the
end of the analytical run).

9.3.2.2 The result fromthe check standard nust be
wi thin 10 percent of the expected val ue.

9.3.2.3 If the 10 percent criteria is exceeded,
excessive drift and/or instrunent degradation nay have
occurred, and nust be corrected before further anal yses can
be perforned.

9.3.2.4 The results of the calibration blank anal yses
must agree within three standard devi ati ons of the nean
bl ank val ue.

9.3.2.5 If not, analyze the calibration blank two nore
times and average the results.

9.3.2.6 If the average is not wthin three standard
devi ations of the background nean, term nate the anal yses,
correct the problem recalibrate, and reanalyze all sanples

anal yzed subsequent to the |ast acceptable calibration bl ank
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anal ysi s.

9.3.3 I CPCR Duplicate Sanple Anal ysis.

9.3.3.1 Performone duplicate sanple analysis for each
conpl i ance sanple batch (3 runs).

9.3.3.2 An aliquot of the selected sanple is prepared
and anal yzed using procedures identical to those used for
the em ssion sanples (for exanple, filtration and/or, if
necessary, preconcentration).

9.3.3.3 Duplicate sanple injection results shall agree
within 10 percent for sanple results exceeding ten (10)
times the detection limt.

9.3.3.4 Report the original analysis value for the
sanpl e and report the duplicate analysis value as the QC
check val ue.

9.3.3.5 If agreenent is not achieved, performthe
dupl i cate anal ysi s agai n.

9.3.3.6 If agreenent is not achieved the second tine,
performcorrective action to identify and correct the

problem prior to analyzing the sanple for a third tine.
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9.3.4 I1CP/PCR Matrix Spiking. Spiked sanples shall be
prepared and anal yzed with each sanple set to ensure that
there are no matrix effects, that sanples and standards have
been matri x-matched, and that the equi pnent is operating
properly.

9.3.4.1 Spiked sanple recovery anal ysis should
i ndicate a recovery of the C*® spi ke between 75 and 125
per cent.

9.3.4.2 The spi ked sanpl e concentration should be
within the linear portion of the calibration curve and
shoul d be equal to or greater than the concentration of the
original sanple. 1In addition, the spiked sanple
concentration should be at least ten (10) tinmes the
detection limt.

9.3.4.3 If the recoveries for the Cr*® spiked sanpl es
do not nmeet the specified criteria, performcorrective
action to identify and correct the problemprior to
reanal yzi ng the sanpl es.

9.3.5 ICPCR Field Reagent Bl ank

9.3.5.1 Analyze a mninum of one matrix-matched field
reagent blank (Section 8.2.4) per sanple batch to determ ne
if contam nation or nenory effects are occurring.

9.3.5.2 If contamnation or nenory effects are

observed, performcorrective action to identify and correct
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t he probl em before reanal yzing the sanpl es.

9.3.6 Audit Sanple Analysis.

9.3.6.1 Wien the nethod is used to anal yze sanples to
denonstrate conpliance with source em ssion regul ation, an
audit sanple nust be anal yzed, subject to availability.

9.3.6.2 Concurrently analyze the audit sanple and the
conpliance sanples in the sane nmanner to eval uate the
techni que of the anal yst and the standards preparation.

9.3.6.3 The sane anal yst, anal ytical reagents, and
anal ytical systemshall be used for the conpliance sanpl es
and the audit sanple. |If this condition is nmet, duplicate
audi ting of subsequent conpliance anal yses for the sane
enforcenment agency within a 30-day period is waived. An
audit sanple set may not be used to validate different sets
of conpliance sanples under the jurisdiction of separate
enforcenent agencies, unless prior arrangenents have been
made with both enforcenent agencies.

9.3.7 Audit Sanple Results.

9.3.7.1 Calculate the audit sanple concentrations and
submt results using the instructions provided with the
audi t sanpl es.

9.3.7.2 Report the results of the audit sanples and
t he conpliance determ nation sanples along with their

identification nunbers, and the analyst's nanme to the
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responsi bl e enforcenent authority. Include this information
wth reports of any subsequent conpliance anal yses for the
sanme enforcenent authority during the 30-day period.
9.3.7.3 The concentrations of the audit sanpl es obtai ned by
t he anal yst shall agree within the values specified by the
conpliance auditor. |If the specified range is not net,
reanal yze the conpliance and audit sanples, and include
initial and reanalysis values in the test report.

9.3.7.4 Failure to neet the specified range may
require retests unless the audit problens are resol ved.
However, if the audit results do not affect the conpliance
or nonconpliance status of the affected facility, the
Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the
affected facility.

10.0 Calibration and Standardization.

10.1 Sanpling Train Calibration. Performcalibrations
described in Method 5, (40 CFR Part 60, Appendix A). The
alternate calibration procedures described in Method 5, may
al so be used.

10.2 I CP Calibration.
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10.2.1 Calibrate the instrunment according to the
i nstrunment manufacturer's recommended procedures, using a
calibration blank and three standards for the initial
cal i bration.

10.2.2 Calibration standards should be prepared fresh
daily, as described in Section 7.3.8. Be sure that sanples
and calibration standards are matri x matched. Flush the
systemwi th the calibration bl ank between each standard.

10.2.3 Use the average intensity of multiple exposures
(3 or nore) for both standardi zati on and sanple analysis to
reduce random error.

10.2.4 Enploying |inear regression, calculate the
correlation coefficient

10.2.5 The correlation coefficient nust equal or
exceed 0.995.

10.2.6 If linearity is not acceptable, prepare and
rerun anot her set of calibration standards or reduce the
range of the calibration standards, as necessary.

10.3 GFAAS Cali brati on.

10.3.1 For instrunents that neasure directly in
concentration, set the instrument software to display the
correct concentration, if applicable.

10.3.2 Curve nust be linear in order to correctly

performthe nethod of standard additions which is
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customarily perfornmed automatically with nost instrunent
conput er - based data systens.

10.3.3 The calibration curve (direct calibration or
standard additions) nust be prepared daily with a m ni nrum of
a calibration blank and three standards that are prepared
fresh daily.

10.3.4 The calibration curve acceptance criteria nust
equal or exceed 0.995.

10.3.5 If linearity is not acceptable, prepare and
rerun anot her set of calibration standards or reduce the
range of calibration standards, as necessary.

10.4 1C/PCR Calibration

10.4.1 Prepare a calibration curve using the
calibration blank and three calibration standards prepared
fresh daily as described in Section 7.3.8.

10.4.2 The calibration curve acceptance criteria mnust
equal or exceed 0.995.

10.4.3 If linearity is not acceptable, remake and/or
rerun the calibration standards. |[|f the calibration curve
is still unacceptable, reduce the range of the curve.

10.4.4 Analyze the standards with the field sanples as

described in Section 11.6.
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11.0 Analytical Procedures.

NOTE: The nmethod determ nes the chrom um concentration
in pug /. It is inportant that the anal yst neasure the
field sanpl e volune prior to analyzing the sanple. This
will allow for conversion of pg C&/nL to pg Cr/sanple.

11.1 |1 CP Sanple Preparation.

11.1.1 The ICP analysis is perfornmed directly on the
al kal i ne i npi nger solution; acid digestion is not necessary,
provi ded the sanples and standards are matri x mat ched.

11.1.2 The ICP analysis should only be enpl oyed when
the solution anal yzed has a Cr concentration greater than
35 wug/L or five times the nmethod detection limt as
determ ned according to Appendix B in 40 CFR Part 136 or by
ot her commonly accepted anal ytical procedures.

11.2 | CP Sanpl e Anal ysis.

11.2.1 The ICP analysis is applicable for the
determ nation of total chrom umonly.

11.2.2 1CP Blanks. Two types of blanks are required
for the I CP anal ysis.

11.2.2.1 Calibration Blank. The calibration blank is
used in establishing the calibration curve. For the
calibration blank, use either 0.1 N NaOH or 0.1 N NaHCG
whi chever is used for the inpinger absorbing solution. The

calibration blank can be prepared fresh in the | aboratory;
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it does not have to be prepared fromthe sane batch of
solution that was used in the field. A sufficient quantity
shoul d be prepared to flush the system between standards and
sanpl es.

11.2.2.2 Field Reagent Blank. The field reagent blank
is collected in the field during the testing program The
field reagent blank (Section 8.2.4) is an aliquot of the
absorbing solution prepared in Section 7.1.2. The reagent
bl ank is used to assess possible contam nation resulting
from sanpl e processing.

11.2.3 1CP Instrunent Adjustnent.

11.2.3.1 Adjust the ICP instrunent for proper
operating paraneters including wavel ength, background
correction settings (if necessary), and interfering el enent
correction settings (if necessary).

11.2.3.2 The instrunent nust be allowed to becone
thermal |y stabl e before begi nning neasurenents (usually
requiring at least 30 mn of operation prior to
calibration). During this warmup period, the optical
calibration and torch position optim zation may be perforned
(consult the operator's nanual).

11.2.4 1CP Instrunent Calibration.

11.2. 4.1 Calibrate the instrunent according to the

i nstrunment manufacturer's recommended procedures, and the
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procedures specified in Section 10. 2.

11.2.4.2 Prior to analyzing the field sanples,
reanal yze the highest calibration standard as if it were a
sanpl e.

11.2.4.3 Concentration val ues obtai ned shoul d not
deviate fromthe actual values or fromthe established
control limts by nore than 5 percent, whichever is |ower
(see Sections 9.1 and 10. 2).

11.2.4.4 1f they do, follow the recommendati ons of the
i nstrunment manufacturer to correct the problem

11.2.5 1CP Qperational Quality Control Procedures.

11.2.5.1 Flush the systemw th the calibration blank
solution for at least 1 mn before the anal ysis of each
sanpl e or standard.

11.2.5.2 Analyze the continuing check standard and the
calibration blank after each batch of 10 sanpl es.

11.2.5.3 Use the average intensity of nultiple
exposures for both standardizati on and sanple analysis to
reduce random error.

11.2.6 |1CP Sanple Dilution.

11.2.6.1 Dilute and reanal yze sanples that are nore
concentrated than the linear calibration limt or use an
alternate, less sensitive O wavel ength for which quality

control data have al ready been established.
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11.2.6.2 Wen dilutions are perfornmed, the appropriate
factors nust be applied to sanple neasurenent results.

11.2.7 Reporting Analytical Results. Al analytical
results should be reported in pg Cr/nL using three
significant figures. Field sanple volunes (nL) nust be
reported al so.

11.3 GFAAS Sanpl e Preparation.

11.3.1 GFAAS Acid Digestion. An acid digestion of the
al kal i ne i npinger solution is required for the GFAAS
anal ysi s.

11.3.1.1 In a beaker, add 10 nL of concentrated HNG,
to a 100 nmL sanple aliquot that has been well m xed. Cover
the beaker with a watch glass. Place the beaker on a hot
plate and reflux the sanple to near dryness. Add another 5
mL of concentrated HNO, to conplete the digestion. Again,
carefully reflux the sanple volune to near dryness. Rinse
t he beaker walls and watch glass with reagent water.

11.3.1.2 The final concentration of HNO, in the
solution should be 1 percent (v/v).

11.3.1.3 Transfer the digested sanple to a 50-nL
volunetric flask. Add 0.5 nL of concentrated HNO, and 1 i
of the 10 wg/nmL of Ca(NGO;),. Dilute to 50 nL with reagent
wat er .

11. 3.2 HNGO, Concentration. A different final volunme
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may be used based on the expected Cr concentration, but the
HNO, concentration nmust be maintained at 1 percent (v/v).

11.4 GFAAS Sanpl e Anal ysi s.

11.4.1 The GFAAS analysis is applicable for the
determ nation of total chrom umonly.

11.4.2 GFAAS Bl anks. Two types of blanks are required
for the GFAAS anal ysi s.

11.4.2.1 Calibration Blank. The 1.0 percent HNGO, is
the calibration blank which is used in establishing the
calibration curve.

11.4.2.2 Field Reagent Blank. An aliquot of the 0.1 N
NaOH sol ution or the 0.1 N NaHCO, prepared in Section 7.1.2
is collected for the field reagent blank. The field reagent
bl ank is used to assess possible contam nation resulting
from processing the sanple.

11.4.2.2.1 The reagent bl ank nmust be subjected to the
entire series of sanple preparation and anal yti cal
procedures, including the acid digestion.

11.4.2.2.2 The reagent blank's final solution nust
contain the sane acid concentration as the sanple sol utions.

11.4.3 GFAAS I nstrunent Adjustnent.

11.4.3.1 The 357.9 nm wavel ength |line shall be used.

11.4.3.2 Follow the manufacturer's instructions for

all other spectrophotoneter operating paraneters.
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11.4.4 Furnace Operational Parameters. Paraneters
suggested by the manufacturer should be enpl oyed as
gui del i nes.

11.4.4.1 Tenperature-sensing nmechani snms and
tenperature controllers can vary between instrunments and/or
with time; the validity of the furnace operating paraneters
must be periodically confirnmed by systematically altering
the furnace paraneters while analyzing a standard. 1In this
manner, |osses of analyte due to hi gher-than-necessary
tenperature settings or losses in sensitivity due to |ess
t han optinmum settings can be m nim zed.

11.4.4.2 Simlar verification of furnace operating
paraneters may be required for conplex sanple natrices
(consult instrunment manual for additional information).
Cali brate the GFAAS system foll owi ng the procedures
specified in Section 10. 3.

11.4.5 GFAAS (Qperational Quality Control Procedures.

11.4.5.1 Introduce a neasured aliquot of digested
sanple into the furnace and atom ze.

11.4.5.2 |If the nmeasured concentration exceeds the
calibration range, the sanple should be diluted with the
calibration blank solution (1.0 percent HNGO) and
reanal yzed.

11.4.5.3 Consult the operator's manual for suggested
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i njection volunmes. The use of nultiple injections can
i nprove accuracy and assist in detecting furnace pipetting
errors.

11.4.5.4 Analyze a m nimum of one matri x- mat ched
reagent bl ank per sanple batch to determne if contam nation
or any nenory effects are occurring.

11.4.5.5 Analyze a calibration blank and a conti nui ng
check standard after approxinmately every batch of 10 sanple
i nj ections.

11.4.6 GFAAS Sanple Dilution.

11.4.6.1 Dilute and reanal yze sanples that are nore
concentrated than the instrunent calibration range.

11.4.6.2 |If dilutions are perforned, the appropriate
factors nust be applied to sanple neasurenent results.

11.4.7 Reporting Analytical Results.

11.4.7.1 Calculate the Cr concentrations by the nethod
of standard additions (see operator's manual) or, from
direct calibration. Al dilution and/or concentration
factors nust be used when cal culating the results.

11.4.7.2 Analytical results should be reported in ug
Cr/mL using three significant figures. Field sanple volunes
(m.) nust be reported al so.

11.5 |1 PCR Sanpl e Preparation
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11.5.1 Sanple pH  Measure and record the sanple pH
prior to analysis.

11.5.2 Sanple Filtration. Prior to preconcentration
and/or analysis, filter all field sanples through a 0.45-pum
filter. The filtration step should be conducted just prior
to sanple injection/analysis.

11.5.2.1 Use a portion of the sanple to rinse the
syringe filtration unit and acetate filter and then coll ect
the required volune of filtrate.

11.5.2.2 Retain the filter if total C is to be
det erm ned al so.

11.5.3 Sanple Preconcentration (older instrunents).

11.5.3.1 For older instrunents, a preconcentration
system may be used in conjunction with the G PCR to
increase sensitivity for trace levels of Cr*e,

11.5.3.2 The preconcentration is acconplished by
selectively retaining the analyte on a solid absorbent,
foll owed by renoval of the analyte fromthe absorbent
(consult instrument manual).

11.5.3.3 For a manual system position the injection
val ve so that the eluent displaces the concentrated Cr*®
sanple, transferring it fromthe preconcentrati on colum and
onto the I C anion separation colum.

11.6 |1 PCR Sanpl e Anal yses.
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11.6.1 The ICPCR analysis is applicable for
hexaval ent chrom um neasurenents only.

11.6.2 |1C PCR Bl anks. Two types of blanks are
required for the I/ PCR anal ysis.

11.6.2.1 Calibration Blank. The calibration blank is
used in establishing the anal ytical curve. For the
calibration blank, use either 0.1 N NaCOH or 0.1 N NaHCG
whi chever is used for the inpinger solution. The
calibration blank can be prepared fresh in the | aboratory;
it does not have to be prepared fromthe sane batch of
absorbing solution that is used in the field.

11.6.2.2 Field Reagent Blank. An aliquot of the 0.1 N
NaCH solution or the 0.1 N NaHCO, solution prepared in
Section 7.1.2 is collected for the field reagent blank. The
field reagent blank is used to assess possible contam nation
resulting fromprocessing the sanple.

11.6.3 Stabilized Baseline. Prior to sanple analysis,
establish a stable baseline with the detector set at the
required attenuation by setting the eluent and post-col um
reagent flow rates according to the manufacturers
reconmmendati ons.

NOTE: As long as the ratio of eluent flowrate to PCR
flowrate remains constant, the standard curve should remain

l[inear. |Inject a sanple of reagent water to ensure that no
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Cr*® appears in the water blank.

11.6.4 Sanple Injection Loop. Size of injection |oop
i s based on standard/sanple concentrations and the sel ected
attenuator setting.

11.6.4.1 A 50-pL loop is normally sufficient for nost
hi gher concentrati ons.

11.6.4.2 The sanple volunme used to load the injection
| oop should be at least 10 tines the | oop size so that al
tubing in contact wwth the sanple is throughly flushed with
the new sanple to prevent cross contam nation

11.6.5 I1CPCR Instrunment Calibration.

11.6.5.1 First, inject the calibration standards
prepared, as described in Section 7.3.8 to correspond to the
appropriate concentration range, starting with the | owest
standard first.

11.6.5.2 Check the performance of the instrunent and
verify the calibration using data gathered from anal yses of
| aboratory blanks, calibration standards, and a quality
control sanple.

11.6.5.3 Verify the calibration by analyzing a
calibration reference standard. |f the neasured
concentration exceeds the established value by nore than 10
percent, performa second analysis. |If the neasured

concentration still exceeds the established val ue by nore
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than 10 percent, termnate the analysis until the problem
can be identified and corrected.

11.6.6 |1 C PCR Instrunent Operation.

11.6.6.1 Inject the calibration reference standard (as
described in Section 9.3.1), followed by the field reagent
bl ank (Section 8.2.4), and the field sanples.

11.6.6.1.1 Standards (and QC standards) and sanpl es
are injected into the sanple |loop of the desired size (use
a larger size loop for greater sensitivity). The C* is
collected on the resin bed of the col um.

11.6.6.1.2 After separation from other sanple
conponents, the Cr*® forms a specific conplex in the post-
colum reactor with the DPC reaction solution, and the
conplex is detected by visible absorbance at a maxi num
wavel ength of 540 nm

11.6.6.1.3 The amount of absorbance nmeasured is
proportional to the concentration of the C*® conpl ex
f or med.

11.6.6.1.4 The ICretention tine and the absorbance of
the Cr*® conplex with known Cr*® standards anal yzed under
i dentical conditions nmust be conpared to provide both
qualitative and quantitative anal yses.

11.6.6.1.5 If a sanple peak appears near the expected

retention tine of the Cr*® ion, spike the sanple according
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to Section 9.3.4 to verify peak identity.

11.6.7 1C PCR Operational Quality Control Procedures.

11.6.7.1 Sanples should be at a pH >8.5 for NaOH and
>8.0 if using NaHCO;; docunent any di screpanci es.

11.6.7.2 Refrigerated sanples should be allowed to
equilibrate to anbient tenperature prior to preparation and
anal ysi s.

11.6.7.3 Repeat the injection of the calibration
standards at the end of the analytical run to assess
instrument drift. Measure areas or heights of the Cr*/ DPC
conpl ex chromat ogram peaks.

11.6.7.4 To ensure the precision of the sanple
i njection (manual or autosanpler), the response for the
second set of injected standards nmust be within 10 percent
of the average response.

11.6.7.5 If the 10 percent criteria duplicate
i njection cannot be achieved, identify the source of the
probl em and rerun the calibration standards.

11.6.7.6 Use peak areas or peak heights fromthe
injections of calibration standards to generate a |inear
calibration curve. Fromthe calibration curve, determ ne
the concentrations of the field sanples.

11.6.8 1C PCR Sanple Dilution.

11.6.8.1 Sanpl es having concentrations higher than the
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established calibration range nust be diluted into the
cali bration range and re-anal yzed.

11.6.8.2 |If dilutions are perforned, the appropriate
factors nust be applied to sanple neasurenent results.

11.6.9 Reporting Analytical Results. Results should
be reported in pg O*®/ nmL using three significant figures.
Field sanpl e volunmes (nlL) nust be reported al so.
12.0 Data Analysis and Calculations.

12.1 Pretest Calcul ations.

12.1.1 Pretest Protocol (Site Test Plan).

12.1.1.1 The pretest protocol should define and
address the test data quality objectives (DQ0s), with al
assunptions, that will be required by the end user
(enforcenment authority); what data are needed? why are the
data needed? how will the data be used? what are nethod
detection limts? and what are estimated target anal yte
| evels for the follow ng test paraneters.

12.1.1.1.1 Estimated source concentration for total
chrom um and/ or Cr*S.

12.1.1.1.2 Estimated m ni mum sanpling tinme and/or
vol une required to neet nethod detection [imt requirenments
(Appendi x B 40 CFR Part 136) for measurenent of total
chrom um and/ or Cr*S.

12.1.1.1.3 Denonstrate that planned sanpling
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paraneters will neet DQOs. The protocol nust denonstrate
that the planned sanpling paranmeters cal cul ated by the
tester wll neet the needs of the source and the enforcenent
authority.

12.1.1.2 The pre-test protocol should include
i nformati on on equi pnment, |ogistics, personnel, process
operation, and other resources necessary for an efficient
and coordi nated test.

12.1.1.3 At a mnimm the pre-test protocol should
identify and be approved by the source, the tester, the
anal ytical |aboratory, and the regul atory enforcenent
authority. The tester should not proceed with the
conpliance testing before obtaining approval fromthe
enf orcenment authority.

12.1.2 Post Test Cal cul ati ons.

12.1.2.1 Performthe cal cul ations, retaining one extra
deci mal figure beyond that of the acquired data. Round off
figures after final calculations.

12.1.2.2 Nonencl at ur e.

Cs = Concentration of C in sanple solution, pg
Cr/ L.
Cer = Concentration of Cr in stack gas, dry basis,

corrected to standard conditions, ng/dscm

D = Digestion factor, dinmension |ess.
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F = Dilution factor, dinension |ess.
My = Total Cr in each sanple, ug.
Vag = Vol une of sanple aliquot after digestion, niL.
Vit = Vol une of sanmple aliquot after dilution, nL.
\V/ = Vol une of sanple aliquot submtted to

di gestion, ni.
Vi = Vol une of sanple aliquot before dilution, nL.
Vi = Vol une of inpinger contents plus rinses, ni.
Vistay = Volune of gas sanple neasured by the dry gas

nmeter, corrected to standard conditions,
dscm
12.1.2.3 Dilution Factor. The dilution factor is the
ratio of the volunme of sanple aliquot after dilution to the
vol une before dilution. This ratio is given by the foll ow ng
equat i on:

Vi

F-=_3
Vit

Eq. 306-1

12.1.2.4 Digestion Factor. The digestion factor is
the ratio of the volunme of sanple aliquot after digestion to
t he vol une before digestion. This ratio is given by Equation

306- 2.

Vad
D-_« Eq. 306-2
Vbd
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12.1.2.5 Total C in Sanple. Calculate M,, the total

Mg C in each sanple, using the foll ow ng equation:

M. =V, XCsxFxD Eq. 306-3

12.1.2.6 Average Dry Gas Meter Tenperature and Average
Oifice Pressure Drop. Sane as Method 5.

12.1.2.7 Dry Gas Vol une, Volunme of Water Vapor,
Moi sture Content. Sanme as Method 5.

12.1.2.8 C Em ssion Concentration (Cy). Calculate
Cy, the Cr concentration in the stack gas, in ng/dscmon a
dry basis, corrected to standard conditions using the

fol |l ow ng equati on:

Cr

M
C, - x10219 Eq. 306-4
Vi H9

12.1.2.9 Isokinetic Variation, Acceptable Results.
Sanme as Met hod 5.

13.0 Method Performance.

13.1 Range. The recomended working range for all of
the three anal ytical techniques starts at five tinmes the
anal ytical detection limt (see also Section 13.2.2). The
upper limt of all three techni ques can be extended
indefinitely by appropriate dilution.

13.2 Sensitivity.
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13.2.1 Analytical Sensitivity. The estimated
instrunmental detection limts |listed are provided as a gui de
for an instrunmental [imt. The actual nmethod detection
limts are sanple and instrunent dependent and may vary as
the sanple matrix vari es.

13.2.1.2 1CP Analytical Sensitivity. The m ninmm
estimated detection limts for I1CP, as reported in Method
6010A and the recently revised Method 6010B of SW 846
(Reference 1), are 7.0 ug Cr/L and 4.7 pg Cr/L,
respectively.

13.2.1.3 GFAAS Analytical Sensitivity. The m ninmm
estimated detection limt for GFAAS, as reported in Methods
7000A and 7191 of SW846 (Reference 1), is 1 pg Cr/L.

13.2.1.4 1CPCR Analytical Sensitivity. The m ninmum
detection imt for ICPCR wWth a preconcentrator, as
reported in Methods 0061 and 7199 of SW 846 (Reference 1),
is 0.05 ug Cr+/L.

1.3.2.1.5 Determnation of Detection Limts. The
| aboratory performng the Cr*® measurenents nust detern ne
the method detection limt on a quarterly basis using a
sui tabl e procedure such as that found in 40 CFR, Part 136,
Appendi x B. The determ nation should be nmade on sanples in
the appropriate alkaline matrix. Normally this involves the

preparation (if applicable) and consecutive nmeasurenent of
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seven (7) separate aliquots of a sanple with a concentration
<5 tinmes the expected detection limt. The detection limt
is 3.14 tinmes the standard deviation of these results.

13.2.2 In-stack Sensitivity. The in-stack sensitivity
depends upon the anal ytical detection limt, the volunme of
stack gas sanpled, the total volume of the inpinger
absorbing solution plus the rinses, and, in sone cases,
dilution or concentration factors from sanpl e preparation.
Using the analytical detection limts given in Sections
13.2.1.1, 13.2.1.2, and 13.2.1.3; a stack gas sanple vol une
of 1.7 dscm a total liquid sanple volunme of 500 nlL; and the
di gestion concentration factor of 1/2 for the GFAAS
anal ysis; the corresponding in-stack detection limts are
0.0014 mg Cr/dscm to 0.0021 mg Cr/dscm for ICP, 0.00015 mg
Cr/dscm for GFAAS, and 0.000015 mg Cr*®/dscm for IC/PCR with
preconcentration.

NOTE: It is recormmended that the concentration of Cr
in the anal ytical solutions be at |east five tinmes the
anal ytical detection |limt to optimze sensitivity in the
anal yses. Using this guideline and the sanme assunptions for
i npi nger sanpl e vol unme, stack gas sanpl e volunme, and the
di gestion concentration factor for the GFAAS anal ysis (500
m., 1.7 dscm and 1/2, respectively), the recommended m ni mum

stack concentrations for optinmum sensitivity are 0.0068 mg
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Cr/dscm to 0.0103 mg Cr/dscm for ICP, 0.00074 mg Cr/dscm for
GFAAS, and 0.000074 mg Cr*®/dscm for IC/PCR with
preconcentration. |f required, the in-stack detection
l[imts can be inproved by either increasing the stack gas
sanpl e volune, further reducing the volunme of the digested
sanple for GFAAS, inproving the analytical detection limts,
or any conbination of the three.

13.3 Precision.

13.3.1 The follow ng precision data have been reported
for the three analytical nmethods. |In each case, when the
sanpling precision is conbined with the reported anal yti cal
precision, the resulting overall precision may decrease.

13.3.2 Bias data is also reported for GFAAS.

13.4 | CP Precision.

13.4.1 As reported in Method 6010B of SW 846
(Reference 1), in an EPA round-robin Phase 1 study, seven
| aboratories applied the ICP technique to acid/distilled
wat er matrices that had been spiked with various netal
concentrates. For true values of 10, 50, and 150 pg Cr/L;
the nmean reported val ues were 10, 50, and 149 pg Cr/L; and
t he nean percent rel ative standard devi ati ons were 18, 3.3,
and 3.8 percent, respectively.

13.4.2 In another multi l|aboratory study cited in

Met hod 6010B, a nean rel ative standard of 8.2 percent was
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reported for an aqueous sanple concentration of
approxi mately 3750 pg Cr/L.

13.5 GFAAS Precision. As reported in Method 7191 of
SW 846 (Reference 1), in a single |aboratory (EMSL), using
G ncinnati, Chio tap water spiked at concentrations of 19,
48, and 77 pg Cr/L, the standard deviations were 0.1, 0.2,
and 0.8, respectively. Recoveries at these |evels were 97
percent, 101 percent, and 102 percent, respectively.

13.6 I CPCR Precision. As reported in Methods 0061
and 7199 of SW846 (Reference 1), the precision of |1 PCR
wi th sanple preconcentrationis 5 to 10 percent. The
overal |l precision for sewage sludge incinerators emtting
120 ng/dscmof Cr*® and 3.5 pg/dscmof total Cr was 25
percent and 9 percent, respectively; and for hazardous waste
incinerators emtting 300 ng/dscm of Cr*® the precision was
20 percent.

14.0 Pollution Prevention.

14.1 The only materials used in this nmethod that could
be considered pollutants are the chrom um standards used for
instrunment calibration and acids used in the cleaning of the
col l ection and neasurenent containers/|labware, in the
preparation of standards, and in the acid digestion of
sanples. Both reagents can be stored in the sane waste

cont ai ner.
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14.2 d eaning solutions containing acids should be
prepared in volunes consistent with use to mnimze the
di sposal of excessive volunes of acid.

14.3 To the extent possible, the containers/vessels
used to collect and prepare sanples should be cl eaned and
reused to mnimze the generation of solid waste.

15.0 Waste Management.

15.1 It is the responsibility of the |aboratory and
the sanpling teamto conply with all federal, state, and
| ocal regulations governing waste managenent, particularly
t he di scharge regul ati ons, hazardous waste identification
rules, and | and di sposal restrictions; and to protect the
air, water, and land by mnim zing and controlling al
rel eases fromfield operations.

15.2 For further information on waste managenent,
consult The Waste Management Manual for Laboratory Personnel
and Less is Better—-Laboratory Chemical Management for Waste
Reduction, available fromthe Anerican Chem cal Society's
Depart ment of Governnent Rel ations and Science Policy, 1155
16th Street NW Washi ngton, DC 20036.

16.0 References.

1. “Test Methods for Evaluating Solid Wste,

Physi cal / Chem cal Met hods, SW846, Third Edition,” as

anended by Updates I, IIl, I1A 11B, and Ill. Docunent No.



2138

955- 001- 000001. Avail able from Superi ntendent of Docunents,
U S. Governnent Printing O fice, Washington, DC, Novenber
1986.

2. Cox, X.B., RW Linton, and F.E. Butler.
Det erm nati on of Chrom um Speci ation in Environnenta
Particles - A Miulti-technique Study of Ferrochrone Snelter
Dust. Accepted for publication in Environnental Science and
Technol ogy.

3. Sanme as Section 17.0 of Method 5, References 2, 3,
4, 5, and 7.

4. California Air Resources Board, "Determ nation of
Total Chrom um and Hexaval ent Chrom um Em ssions from
Stationary Sources." Method 425, Septenber 12, 1990.

5. The Merck | ndex. El event h Edi ti on. Merck & Co.,

I nc., 1989.

6. Walpole, RE, and RH Mers. “Probability and
Statistics for Scientists and Engi neering.” 3rd Edition.
MacM | I an Publishing Co., NewYork, N. Y., 1985.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.



2139

‘urdl Bundues unwony) 1-gog anbly

uped) sefugdu




2140

‘J8eyS epeq pel] wniuany) Z-9oc anbly

iy Beiany
By By EoL
() (o) (o) ) @Hw) oHuwWEm) | @)D 6+ u) U
Jefuduy B0 1
1S8| JO J8SUBPUICD g8 eoyuo
Bues| sef JaausBipye Bupeay SSOLE [eguRIayp pesyfyposn | srpessdue|  uroep aup sy
40 ermeiede) arjeedug eduessesy | GAUSD anssay Youg Bucues irod esianey).
NOLLOFS SSOMOMOVLS 40 DU WEHOS
4 5 'mepweoo A
80
(64 ") ‘eunssaxd ogelg ©M aan
(o) 'speusyes ON X0 SN
() “sepewep ejzzou pepexfes ebesany ‘oN o] apdueg
O UopeoyfLIep] eZZaN oNuny
(W) 'yhusl eqad aeq
% 'aXsio paunssy JqeiedO
enssad oujauareg uopeod]
aryeiedue, JSILY ey




2141



